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Peritonitis in a llama caused by Streptococcus equi
subsp. zooepidemicus
Joanne Hewson, Christopher K. Cebra

Abstract A 7-month-old, male llama was diagnosed with peritonitis caused by Streptococcus
equi subsp. zooepidemicus. Clinical findings, medical treatment, and case outcome are described.
Hematogenous dissemination from suspected pneumonia is proposed as the route of infection in this
case. Possible transmission of the organism through contact with horses is discussed.

Resume Pe-ritonite 'a Streptococcus equi subsp. zooepidemicus chez un lama. Une peritonite
causee par Streptococcus equi subsp. zooepidemicus a ete diagnostiquee chez un lama m'ale de 7 ans.

Les trouvailles cliniques, le traitement medical et l'evolution du cas sont decrits. La voie d'infec-
tion proposee dans ce cas est une dissemination hematogene 'a partir d'une pneumonie soup,onnee.
Une possible transmission de l'organisme par contact avec des chevaux est discutee.
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A 7-month-old, 47-kg, intact male llama was admitted
to the Atlantic Veterinary College following 4 d of

anorexia and decreased fecal production. Additional
history included tenesmus, lethargy, and increased time
spent in sternal recumbency. Diarrhea had been observed
on the day prior to admission. The llama had been
treated with unspecified doses of procaine penicillin
G, flunixin meglumine, mineral oil by orogastric tube,
and oxfendazole without clinical improvement. The
llama was from a farm with 14 other llamas of varying
ages and several horses that shared pasture, as well as
barn space. No other animals were affected.
The llama was quiet but alert on admission and

remained recumbent throughout most of the examination.
Physical examination revealed marked bilateral ven-
tral abdominal distension. Rectal temperature was
38.7°C (reference range, 37.5 to 38.9°C), pulse rate
96 beats/min (reference range, 60 to 90 beats/min), and
respiratory rate 24 breaths/min (reference range, 10 to
30 breaths/min). Clinical dehydration was not detected;
oral mucous membranes were moist and had a capillary
refill time of less than 2 s. Forestomach motility was
absent, although normal feces were passed during the
examination. A painful response was elicited upon
palpation of the abdomen. Auscultation of the thorax
identified increased bronchovesicular sounds cran-
ioventrally on both sides.
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The results of venous blood gas analysis were within
reference ranges. A severe degenerative left shift was evi-
dent on a complete blood cell (CBC) count [mature
neutrophils, 2.1 X 109/L (reference range, 4.2 to 13.0 x
109/L); band neutrophils, 4.2 x 109/L (reference range,
0 to 0.09 X 109/L); metamyelocytes, 2.25 x 109/L (ref-
erence range, 0 X 109/L); myelocytes, 1.8 X 109/L
(reference range, 0 X 109/L)] with toxic degeneration of
neutrophils. Serum biochemical analysis revealed
hyponatremia (sodium, 122 mmol/L; reference range, 150
to 156 mmol/L), hypochloremia (chloride, 81 mmol/L;
reference range, 101 to 119 mmol/L), azotemia [urea,
31.7 mmol/L (reference range, 4.3 to 11.1 mmol/L);
creatinine, 672 pmol/L (reference range, 106 to
256 ,umol/L)], and hyperphosphatemia (phosphate,
4.59 mmol/L; reference range, 1.07 to 3.16 mmol/L).
Marked hypoproteinemia was also detected [total protein,
36 g/L (reference range, 48 to 70 g/L); albumin, 22 g/L
(reference range, 31 to 52 g/L)]. Urinalysis demon-
strated proteinuria and a urine specific gravity of 1.016.
No casts were detected on urine sediment examination.

Transrectal palpation could not be performed due to
the small size of the animal. Trans-abdominal ultra-
sonography using a 5-mHz linear probe revealed a large
volume of free peritoneal fluid with a pattern of mixed
echogenicity. Forestomach fluid obtained by orogastric
intubation had a normal chloride concentration
(12 mmol/L; reference range, < 35 mmol/L). Thoracic
radiographs demonstrated a caudoventral alveolar pat-
tern suggestive of pneumonia. Abdominal paracentesis
yielded a turbid yellow fluid with a high nucleated
cell count (66.5 X 109 nucleated cells/L; reference
range, < 5.0 X 109 nucleated cells/L) and normal pro-
tein concentration. Cytological analysis indicated
80% granulocytes, many of which were band neu-
trophils, metamyelocytes, and occasional myelocytes.
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Extracellular and intracellular gram-positive cocci were
seen. Aerobic and anaerobic bacteriologic culture of
the peritoneal fluid obtained at admission yielded a
pure growth of Streptococcus equi subsp. zooepidemicus.
A diagnosis of septic peritonitis was made, based

on clinical signs and analysis of peritoneal fluid. Possible
causes for peritonitis included bacterial leakage from a
compromised gastrointestinal viscus, direct inocula-
tion by a penetrating wound, or hematogenous dis-
semination of bacterial organisms to the abdomen (1).
Although gastrointestinal accidents are the most common
cause, camelids with obstructions have more pronounced
colic signs or metabolic abnormalities and do not nor-
mally pass feces. Camelids with gut rupture also tend to
show more signs of septic shock (1). The homogeneous
population of bacteria found on cytologic examination
and bacteriologic culture was more compatible with
seeding of the abdomen from another infected site than
with gross contamination through either a penetrating
wound or compromised gut. Also, there was no evi-
dence of external trauma. Hematogenous spread from the
respiratory tract to the abdomen could not be confirmed
but would be compatible with the behavior of this
organism in other species (2); it would also be sup-
ported by the radiographic evidence of pneumonia in this
llama. Specific attempts to isolate the organism from the
respiratory tract were not attempted due to the llama's
good response to initial treatment and our belief that we
had already isolated the primary pathogen.

In the absence of suspicion of a surgical abdominal
lesion, medical management was instituted to combat the
peritonitis. Intravenous sodium penicillin (22 000 IU/kg
BW, IV, q6h) and ceftiofur sodium (2 mg/kg BW, IV,
ql2h) were administered. Treatment for peritonitis in
other species has included peritoneal lavage in addition
to antibiotic administration, performed either surgi-
cally or by placement of indwelling abdominal catheters.
The efficacy of this procedure in the treatment of peri-
tonitis has not been scientifically investigated in camelids
(3), but the technique has been performed successfully
(1). Peritoneal lavage was not attempted in this llama
because of its apparent good response to conservative
treatments during the initial stages of medical man-
agement. Lactated Ringer's solution was given, IV
(60 mL/kg BW/24 h), supplemented with potassium
chloride (20 mmol/L) and sodium chloride (500 mmol
total) to correct electrolyte derangements. Due to marked
azotemia, hyperphosphatemia, and proteinuria, a protein-
losing nephropathy was also suspected. Possible causes
included ischemic damage or septic pyelonephritis from
bacteremia, although no organisms were detected on
urine sediment examination. In the presence of abnor-
mal renal function, administration of a nonsteroidal
anti-inflammatory drug was withheld. A source of
plasma was not available for plasma transfusion to
treat the hypoproteinemia.

Over the following 6 d of hospitalization, the llama's
demeanor and appetite improved. Normal urination and
defecation were observed, and normal forestomach
motility was detected. Intravenous fluid administration
was discontinued on day 2, and antibiotic administration
was changed to the IM route. Reassessment of a CBC
count, serum biochemical analysis, and urinalysis on

day 4 showed marked improvement, with a regenerative
left shift, resolution of the electrolyte disturbances
and the azotemia, and only minimal proteinuria.
The llama was discharged on day 6 with instructions

to the owner to continue administration of ceftiofur
and penicillin for 5 d. Treatment was discontinued after
only 3 d, based on a perceived injection reaction. The
llama rapidly deteriorated 2 d later, with lethargy and
anorexia that did not respond to reinstitution of anti-
biotics. The llama died within 24 h, and a field necropsy
was performed. Diffuse suppurative peritonitis was
detected, with extensive fibrinous adhesions present
throughout the abdominal cavity. An underlying cause
for the original peritonitis was not detected within the
abdomen. Bacteriologic culture was not repeated at the
time of necropsy, and examination of the thorax was
not conducted.

Septic peritonitis has been identified as an important
cause of morbidity and mortality in New World Camelids
(NWC). A prevalence of 16% has been reported (4)
and it was diagnosed as the cause of 3% of all NWC
deaths in one survey (personal communication, A. Kennel,
International Llama Association Research Committee).
Peritonitis in NWC, secondary to abdominal contami-
nation, is well recognized in the literature, including
reports of ruptured gastrointestinal ulcers, penetrating
injuries, anastomosis failure, urolithiasis with bladder
rupture, and uterine tear during parturition. However,
reports of peritonitis occurring in the absence of viscus
compromise are rarely recognized in North America (1,5).

Streptococcus equi subsp. zooepidemicus has been
associated with bacterial septicemia in alpacas in South
America ("Alpaca fever"), causing a fibrinopurulent
pleuritis and peritonitis in these animals (6). Hematoge-
nous dissemination is thought to occur associated with
such stressors as shearing, transport, or processing,
resulting in fulminant systemic infection. The organism
is postulated to be a commensal of the gastrointestinal
tract of camelids in South America (7); however, this has
not been identified in North American camelids (8).
The organism can be found in the lower respiratory
tract of camelids with pneumonia, but not normal
camelids (9). This suggests that transmission from
another animal may be the source of infection; horses,
in particular, are known to carry this organism in the
nasopharynx (2). The llama in this report was housed
with horses. In another report, a llama infected with
Streptococcus equi subsp. zooepidemicus mastitis also
had contact with horses (10). The suspicion of pneumonia
in this case supports the hypothesis that the organism was
acquired through the respiratory tract. Experimental
inoculation of the lower respiratory tract with very
small numbers of Streptococcus equi subsp. zooepi-
demicus has been shown to cause fulminant systemic
disease in camelids (6).

Peritonitis due to Streptococcus equi subsp. zooepi-
demicus should be differentiated from conditions such
as viscus rupture or forestomach ulceration through
cytology and culture of abdominal fluid obtained by
paracentesis. A uniform population of gram-positive
organisms may help to support this diagnosis while
awaiting culture results. Due to the possibility of systemic
dissemination from a respiratory infection, thoracic
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radiographs should be performed on suspect cases and
transtracheal aspiration may be helpful to diagnose
pneumonia. Culture of blood prior to institution of
antibiotics may have value in identifying dissemination
of the infection.
As the number of llamas and alpacas continues to

increase in North America, veterinarians are required to
become familiar with common diseases and conditions
in these species. Although peritonitis secondary to
abdominal contamination is well recognized in NWC,
this case report emphasizes the need to recognize
hematogenous inoculation as a possible cause of peri-
tonitis in camelids. The possibility of interspecies trans-
mission of Streptococcus equi subsp. zooepidemicus
from horses to camelids remains speculative but merits
further investigation. Due to the increasing prevalence
of llamas and alpacas on multispecies farming operations
and hobby farms in Canada, these animals are often
housed in close vicinity to horses. Current manage-
ment recommendations should be made to prevent
cross-contamination between horses and camelids, par-
ticularly during periods of stress, until the pathogenesis
of Streptococcus equi subsp. zooepidemicus infections
in NWC can be better understood through careful doc-
umentation of future cases.

Acknowledgments
The authors thank Drs. Paula Ehrlich, John Pringle,
and Barb Gilroy, as well as the final year students of the

Atlantic Veterinary College who participated in the
management of this case throughout hospitalization.

cv'

References
1. Cebra CK, Cebra ML, Garry FB, Larsen RS, Baxter GM. Acute

gastrointestinal disease in 27 New World Camelids: Clinical and
surgical findings. Vet Surg 1998;27:1 12-121.

2. Warner AE. Bacterial pneumonia in adult horses. In: Smith BP, ed.
Large Animal Internal Medicine. 2nd ed. St. Louis: Mosby-Year
Book, Inc, 1996:566-572.

3. Belknap EB, Larsen RS, Navarre CB, Cebra CK, Pugh DG.
Recumbent New World Camelids: General diagnostics and types
of recumbency. Compend Contin Educ Pract Vet 2000;22:36-54.

4. Pearson E, Gerros T, Smith B. Module 6: Internal medicine. In:
Smith B, ed. Camelid Medicine and Surgery: Continuing Education
Program. Oregon State University College of Veterinary Medicine,
1995:66-87.

5. Heller M, Anderson D, Silveira F. Streptococcal peritonitis in a
young dromedary camel. Aust Vet J 1998;76:253-254.

6. Cebra CK, Heidel JR, Cebra ML, Tornquist SJ, Smith BB.
Pathogenesis of Streptococcus zooepidemicus infection after
intratracheal inoculation in llamas. Am J Vet Res 2000;61:
1525-1529.

7. Smith BB. Major infectious and non-infectious diseases of the llama
and alpaca. Vet Hum Toxicol 1993;35:33-39.

8. Cebra ML, Cebra CK, Garry FB. Tooth root abscesses in
New World camelids: 23 cases (1972-1994). J Am Vet Med
Assoc 1996;209:819-822.

9. Gerros TC, Andreasen CB. Analysis of transtracheal aspirates and
pleural fluid from clinically healthy llamas (Llama glama). Vet Clin
Pathol 1999;28:29-32.

10. Bezek D, Walker RD. Additional cause of mastitis in a llama. J Am
Vet Med Assoc 1997;210:748.

:.,::..::::.:::..:::.:::....::.!::..:::::::,.!:.E :,...::... :::'x::-::x:-:.:-.:.: :.: N. .:..:: N .::%.::::.,::!,.::!,::I.:::.::::::!,::!::::.:::7::
::%..::%.:::.:::,:::,::..,::,:::,::-:::5:. ::: :::::.:::.:::.:::"::,::4:::..::.:::.:

:. :1-:::,::4:::..::.%::.-.::.::4..::..:::..-c.%-::%
%. .::!.: ::% ::,::-::--.::-.::--::--::--.::-%:: .W.-Y.-N, :. %.

:%.
::..::i -:::..:::. -::!-::::-::::-.:: .::: .::: X4 :::-:::-X::-:::-'::- .W.% '-XN'-X:-%::-4.% m.....:.-::!-:::-X:.::'::::::-X ... N., :!-:::-:::-- :-!-'::'-::!- .::.:::.:: N :::.::: N .::.::: N ::..:::.!::..::...:..:::..::.!::...:4..:..I.:..:::."..!.:..:....::.%::.%.: .:

X::-:::-:X-X".X-.X-X:- ::i:::.:::::..::.:::..::..:-:::- ..-::..:..%-..--..%--.%--..%..:....!.:....: :.%.::- ::...:. .:...:..:: N .::...:..:: .....: .: N N :: :: .:..:..:. :: :: .: :: :::.::..::.:..: .::.%:
:-. ..%.::%.::..: :...:..: :.% :.--:-.:%-.:! ::...:.. :-::..:.-...-.:.-...- -.

:1..::!.:::.::.t..::..:::..::t..:!:.::.,::
N. N 5:::_X: NN XX-X:.:XQ:X-x:- -;::-.
:: :::!'-: N .::.:::.:::. ::::::

:..
:!.:: :0:::-':::::!-:::-::: :::-':N":X-X:-X:-X:' .:::: ::::: ::":::.:::.::: ':: N ::...:..::: .::..::..::...:..:::.%::..::..:- .::..::4..::..::..:::.:::..:4.%:..%:...::..:::..:...:...::.%:4 :.":.'::-

:!..::t.::%.:::..:::.::!.:::.::%.::!.:::4::. :-:::--c.::.'x-:-X:.:X---II:: :2::%.:: ..::.::.::..:::::::::.::::::,::::::::: NIN N .:::.:::::: N N :::::::::::: ::4:::::. X: .::.%::.%::. :::-::'-::'-':'-'::- ': %:::-':'-X'-':'-':: ::.%.:...:..":.::..:.:..:4.::...::..:.- ..:.." .%::.%'
:%:::..:l.:::::.::.:::.::%.:::.:::,::,::.:::.. :.:: ::2::I:::-.::'::'::5:: ::-:::-:::-:::-:::::.::--::4::4::4.::--::--:::--::-::: N ::-:::-':'-'::-":-:X ::-::--:--::

.........

N ::::::::- :-':::::::-::: X::-::: ,:::.
X-::::ixQ:X-!-::: !::: 'X:-::: ..:::

.::!-.:11.:!..::.,:::.::!..::..:: ::.....::4.:::.::---:::-.::-..:---::4..::;.::---::---
--..: :.:::-.::...::.::4.:::...::c-::4.:::-.x.'.NC.x

..m :4::.::
:. M X-X:

:,..:!....x..::C..:4....:40::4..::Q:
N :::;::!-::::-:::I:::X X

:xm-_'X-O-.N--_-.

X. X:-::X-:::-:::c:: ..:::.:: ":1..::..m....:%..::.:::...::%.::!.:::.:::..::. ::..::-::.::.:::4::-::.::-:::-:::.:: N"..".".."..."'..". .::.:.:%..:..::!..:1..:1..:1..:!.::!%.::..::!..:!:..:: ...I.:-.-

I4:C-Xc-..... :%-X!-X-:--::--::%- ::----.:%-::.-X.-.:::::-- :::-.::-X:-::: N ::.::.::..::.::::: -..:-..:-.-:.-- ..::.%:

:'.

X4 :i..:..2m::::.::: .: :: :-:::o::..:::-: M-Ni.:---:- :,::"",.,., .:::-::::::-.::::: ::::::.:::,:: X: -:::..,:
;;FW'i;;'-;-W.

:K
mm:W:i

1:::: N.-NI-MMM: ;ommm.:
:.. -::!-X!-::!---!-X!NIft .i: :11:M

:.::'::--.::::::::::::-::: ::::::::::-:: ::OX:::"::-:::':: N N ::4.::E.. i'.I....I".' II II_....'_ -"-o..
.i .: :4 X :N:.;":!-.- -i X..MMIX- %:N:--:::::4.::":4..::.::---::-::.:::.::-.:: .: ....:

::........ :::..:.:::.::.:: N N ::-::-:: :::.:%.X! :X-I:.-::-.: .: ..:,
.::":::.:::..::.::4..::..::.::,.::-.:,.,::.!::..::... ::.::-::N::--:....%.. ::..:..:::..::.:.

1"...- ..i::
;':.n;.:.. M

i-NXI..
:.:::%. :.-......

:Xi:::
IN.

&I, :::.:"::.::,:: ::..:::::..:

X XONM -..::.::.:.::4..::.%:::1:4..%-...: :.:%..: ........:......:.--:!--:!--: :%-.-.:-:-:-.:--A.-.--::-...:--::.

-':4 ..I..:: N......:: W N
-,:::

::'-.

:4..::..:o.:..:4..::.,::".:.;.:4:.:4.':MM :7 :.: ::.:4.::,::4..::-.::o::.:44::4::c-.: ::-::::::-:::i::,:::-:::-:::.:::::.::,:::::::::::::::-::::-:::-:::-:::.:::!::,.:: N ::--::::::::':::-::"::-X::-%:: ::--::--::- ': -X.:i:X...N"k".'.:...::...:!.::.:::.::%.::...::t:::..::.:::..::.:::..::%:::..:l.:!:::.::..::..::..::O.:!.::..:: :-'::-:: ::.:::-:::-:--.:':'-:N-M-X4-" :1 :...::!..:!..O:ll..:..::.::..::"."I.r.-:i-NX.M.....8.60000 .-4: ::.:: .::.-:::-:N-::: :g., .RRO" 0::-X4-X:-'::-': 4::.X-:-.-.:-.
.1:N. :.::'-:::-:::-X::-: ...."I'M.me.-M':-:. Imm"oX.NW: 111411. ..:-N..;I.-NVN;-.I;;II;;VNVX:.X0::!-:::-X: :.:::..::.::.::4-1:4.::.::7::!..::..::.::.::...:: :-:: ::,::-:::-::.::

%.:.::.::N:::::'::':
;'.-N;-N;.;;'.-.;--.;;.;;;;V-;;W.; ...."..":..".1.1..:1.X.-X:-.-:!-.---.-::'-::'-':'-X-:i.XX. .: :.:..:::.::.:

.......N:--X-Ni:::-'::-W-4--'::-:::-:::-%:4 .:: ..: ':--'::-X:-!N-
:.. .: ::::: :::-:::-:::::

.-N- :.':--4-X:--4:N-::. ::: :-.-X!-X:-:::-
::? X-.X-:::-::

6....:-O::O:N-.::'4'
......................N.::%-:X--:

%::::_.::;: ::O::.:::-X:-X:- ::...:...........---.-:::%-.-...:.:%.
.....................".."......:.....::.::... :-'::--:-X:-':!-:::-:::. ':: ....:.:::::.:::::::.-::'-.::-.:

I;.-.:.-,.:-,::,-;::.::.::n::..::.::-::.-,: 11111.1:y......-. ." -. -.N''.:-.--.:I-: ...: :..:....:.:%. .:ex C...-::7::.:-.O-'ffl ::-'..1
-1 1"O.-Iffind.- .2"R.. ;--P_I;_;;_;-Eil' 4s.." II 81118 U, I:1111 4-iiiiN. .N%-X

'. IN 18 11 11111"'u" llip 1,11 I::..::!.
.::::-X:.- :..:: -..:...:

::..:..:-:...:..:c-.::.::.:c-.:-::.-,::".:C..;;..::"X..;..:X.; :.'.::..::.:."::%.::,..::.:::.:::..::..::...::.- N.. N.:N.:....:-

:-:..-0::71N.:09=4-1:41-.i :-
.----4 M.: -XM:iaigmig M=

-x4m, :.::,:
NN.N.-IN-W.-:-:::O::.:::-:::-:::O::7X ....: -.............N.;;-;;;.;;__;;-;NI.;;-;;;--'; ,.::................ .::...::.::!.::!..:1..::..::.::-:. .:%..

M.:8:4:::-:::--,::o:::..:4..::."::...:C..:4..:4..:: :::::: ::7 ..:
:::..!::::................... :-:::-.::t:::::-:::-:::-:::--::W:%::--:- -':,: .:::....

".."....Hr :-;....:..I.N...-%..:%.:-:-...
i

:c--%N-X:-%::-:

_.E.:::.::!::::-::.:::-::%:: :'
=-M.: :: NON!...:::

:.--"'..'.. -.......N::-:::..::- ::.::::::-::::::- -::::: :::.::
I--..'_M?I.:::-X:-. :- ':: ::-::!-::!-.::-:-:::- :--'-:N-X:..........:'.-:N-Xi-::- ::- .........

M-1--mM!.:X4-j=N.':' .:::,::.::4::.:::-:::-:::.::.::...:4.::4..:: --.:%-Xi-X-:..:.::4.1:::::-::-:::::c-:::-::4.: .9 .:.:::-:s-.:%-
'_ :o.:4.::4..:4..::---::--:::..::.::4..: :--::4..:4..::-.:--.::--::---:::..::..::.%:.. ....,.-Y.W.I:.::I._"I -- - -------- .::::::::: X:-

.u i-_ ;;:-::-:--::.%:.4

_E","M.--...::::.-:::::N'.:
:4. :.-:N '::-X4-'...-::.::::::.:::."::--IW,:.:: Xi. :-', ,':.RNM;..m;...;:; :-MM :.:::.,::.::%.::!:::..:...:..:::.4-:..i....:::-:-...I.,X:O::.::4.:: :X-::::::XX:::Xi ....N:-:

mo-Imi-IM:.::.:::.:4.:4.::.:4.::--:::-.:4.:i..:c-:::--::4. :4. N-4. :-.-:!--::!-:::-: :%.::!..::.:!-X:..::: s;;-;";'---.';"I."..... N.
... -::N..

:N
sR
:N .::!.:::%.:I.::!.::%.::!!::..:!..:-:-..W.-:: :..... .... .sr1....:...........................,-is, ..............zM-N-i-Xi-NM- ::.:::.:::. .-::::.::-:::-..:::::,U. .::!.::::::5::5:::.:::.:::.:::.:::....,.:N:::.::::%-.:%-::.-X:-:::--:.--::.n ..I.. ::-- .'n'.M,..::.,-X:-.::.: -::4.::44:4..::4..:4..:4..::..::..::4..:4..::..::4::c.:::..:4..:4..:4.%:4..::.',.:..:.::.%:.%::.%%..N.._..I:1N::::: XN

DX 4:.I.%:.%:.%:.%
::.::--%::---: -:::-::--X--'

...11
III...II

N


